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MICROWAVE IRRADIATION: A NEW RAPID TECHNIQUE FOR SEPARATING 
EPIDERMAL TISSUE FROM MOUSE SKIN PRESERVING RNA, DNA, PROTEIN, 
AND PHORBOL· ESTER-INDUCED ORNITHINE 
DECARBOXYLASE LEVELS 
R. ALLAN MuFSON, PH.D., LAWRENCE M. DE YoUNG, PH.D., AND RoswELL K. BouTwELL, PH.D. 
McArdle Laboratory for Cancer Research, University of Wisconsin, Madison, Wisconsin, U.S A. 
Exposure of mouse skin to microwave radiation for 10 sec allows the epidermis to be 
separated from the dermis by gentle scraping of the skin with a scalpel. At the end of the 
irradiation period the subcutaneous temperature was 55°C. Histologically, the microwave 
irradiated skin resembled skin exposed to an established heat separation procedure (i.e., 
immersion in 55°C water followed by immersion in 0-4°C water). The recoveries of DNA, 
R!;'IA, and protein on a per area basis were the same for the microwave and conventional 
heat separation procedures, and the TPA-induced omithine decarboxylase levels were 
comparable. 
We have long been concerned with the mecha-
nism of two-stage tumorgenesis in mouse skin [1]. 
The epidermis of this organ offers a relatively 
homogeneous population of cells in which to study 
the metabolic events associated with each stage of 
the carcinogenic process. Recently we have fo-
cused our interest on the study of early metabolic 
events occuring in the epidermis in response to 
the application of tumor promoters [2-4]. These 
studies necessitate the use of techniques which 
permit rapid and complete separation of the epi-
dermis from the dermis with minimal manipula-
tion of the skin, and preservation of the in vivo 
levels of macromolecules and small molecules . 
Further, it would be useful if such techniques 
provided quantitative recovery of epidermis so 
that the long-term growth effects of promoting 
agents could be measured per unit area of skin. 
To date, available epidermal-dermal separation 
techniques require excision of the skin, followed 
by subjecting the excised skin to chemical, ther-
mal, or mechanical treatment [5-8]. In most cases, 
the nature and duration of these techniques limits 
their usefulness in studying the early metabolic 
events related to tumor promotion. We have found 
that exposing intact mice to a short pulse of 
microwave radiation allows a complete and rapid 
separation of epidermis from dermis. This report 
will describe the microwave separation procedure 
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and demonstrate its application to measuring total 
epidermal DNA, RNA, and protein, as well as 
phorbol ester-induced ornithine decarboxylase ac-
tivity. 
MATERIALS AND METHODS 
Chemicals 
12-0-tetradecanoylphorbol-13-acetate (TPA) was sup-
plied by Dr. P . Borchert of the University of Minnesota, 
and was dissolved in reagent grade acetone. Calf thy-
mus DNA (Type II) and bovine serum albumin were 
purchased from Sigma Chemical Corp. (St. Louis, Mo.). 
All other chemicals were of analytical or reagent g1·ade. 
Microwave Source 
A microwave oven (Sears, Roebuck and Co; Kenmore 
model No. 99171) was used to irradiate the mice. The 
radiation had a frequency 2450 mhz, and the oven 
idled at 600 w. 
Treatment of Animals 
CD-1 mice were purchased from Charles River 
Breeding Laboratory (Wilmington, Mass.), and were 
housed in wire-bottomed cages. The mice were kept on 
a 12 hr light-12 hr dark cycle which corresponded to 
the natural day and night cycle. The mice had access 
to Wayne Breeder Blox (Allied Mills, Chicago, IlL) 
and water ad libitum. At 7-9 wk of age they were used 
for experiments. Forty-eight hours prior to an experi-
ment the dorsal hair was clipped and any mice showing 
hair regrowth or wounding due to clipping were ex-
cluded. In experiments using TPA, the compound was 
applied to the clipped skin in 0.2 ml of acetone. 
RNA and DNA Extraction 
Epidermis harvested from 4 mice was pooled in 4.0 
ml of distilled water and homogenized with a Polytron 
PT 10 (Brinkmann) at a setting of 6.5-7.0 for 10 sec. 
RNA and DNA were extracted from the whole homog-
enate by a modification of the Schmidt and Thannhau-
ser method [9]. After precipitation in 0.3 N perchloric 
acid (PCA) and washing in 0.2 N PCA, RNA in the 
acid insoluble fraction was hydrolyzed in 0.3 N KOH 
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for 1.5 hr. After collection of the ribonucleotides, the 
DNA in the acid insoluble pellet was hydrolyzed in 0.5 
N PCA for 5 min at 90°C [10]. 
RNA, DNA , and Protein Quantitation 
Protein content of the whole homogenate was deter-
mined by the method of Lowry et a! [11]. DNA was 
measured using the Burton diphenylamine procedure 
[12], and RNA was measured spectrophotometrically 
as 1 A260 nm unit = 32 ILg of RNA/ml [13]. Macromole-
cule recoveries were expressed on a per unit area basis. 
Area was determined as previously described [14], 
except that areas from which epidermis was to be 
harvested were traced from intact animals. 
Ornithine Decarboxylase Assay 
For each determination the epidermis from 3 mice 
treated 5 hr previously with 17 nmoles TPA was har-
vested and pooled. Enzyme activity was measured in 
the 30,000 ><g x 30 min supernatant as previously 
described [3] . 
Determination of Subcutaneous Temperatures 
Temperatures were measured using an Evenohm-
constantan thermocouple inserted inside a 20 .5 gauge 
hypodermic needle. The voltage developed by the ther-
mocouple was amplified by a Wescore (Model MJ 55) 
voltmeter and read on a Heathkit (Model IM 2202) 
digital multimeter. The measurement thermocouple 
was referenced against air temperature with a second 
couple in series with the first. When both couples came 
to equilibrium the digital multimeter read 0 microvolts . 
Voltages were converted to temperatures with equa-
tions from published data on thermocouples [15]. To 
obtain a subcutaneous temperature, mice were irradi-
ated for a given time, removed from the oven, and the 
entire length of the thermocouple-needle was immedi-
ately inserted subcutaneously. 
Histological Examination 
To monitor the separation techniques, whole skin, 
epidermal scrapings, and dermis were subject to histo-
logical examination after exposure to separation proce-
dures. Tissue was fixed in 10% buffered formalin and 
dehydrated with a graded series of alcohols before 
embedding in paraffin. Sections 5 IL in thickness were 
stained with hematoxylin and eosin. 
RESULTS 
Since the technique of immersion of skin in 
55°C water for 30 sec followed by immersion in 0-
40C water, recently described by Marrs and Voor-
hees [7), has been successfully used to study epi-
dermal macromolecules [16,17] and enzymes [3], 
we have used this method as a standard against 
which we could compare the results obtained with 
microwave irradiation. To obtain a separation of 
epidermis from dermis using microwave irradia-
tion, a mouse was killed by cervical dislocation 
and immediately placed in the center of the micro-
wave oven where it was irradiated for 10 sec. 
After irradiation, it was quickly removed and 
packed in ice or an ice and water slurry. Ten 
seconds was the minimal irradiation time neces-
sary for an easy and complete separation of epider-
mis from dermis by gentle scraping with a scalpel. 
The entire procedure can be accomplished without 
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exc1smg the skin from the mouse and without 
prior chemical depilation. The separation can even 
be accomplished without cooling. We have, how-
ever, routinely immersed mice in ice after irradia-
tion to minimize further metabolic activity, and 
to quickly reduce the skin temperature to main-
tain the activity of heat sensitive enzymes. 
The graph in Fig 1 describes the effects of 
microwave irradiation on mouse skin tempera-
ture . After a 4-sec lag period, the subcutaneous 
temperature rises about 3°C per sec of irradiation, 
and by 10 sec of irradiation the subcutaneous 
temperature had reached 55°C. 
Histological examination of the whole skin after 
10 sec of microwave irradiation followed by chill-
ing in ice revealed good morphological preserva-
tion with no consistent difference between micro-
wave irradiated skin and skin subjected to the 
conventional heat separation procedure (Fig 2). 
The microscopic examination of whole skin sec-
tions revealed that after either separation proce-
dure the epidermis was separating away from the 
dermis even before any scraping was begun (Fig 
2). The retrieval of the basal cells with the epider-
mal scrapings, and the epidermis-free surface of 
the dermis was verified histologically and demon-
strated a complete separation of the epidermis 
from the dermis after scraping skin exposed to 
both separation procedures. The epidermal scrap-
ings from both separation procedures also c~n­
tained many follicular remnants. 
A comparison of the recoveries of RNA, DNA, 
and protein extracted from epidermis harvested 
by the conventional heat separation method and 
the microwave irradiation method revealed ex-
tremely good agreement and no statistically sig-
nificant difference (Table l) between the separa-
tion methods. Monitoring the purity of the RNA 
hydrolysates spectrophotometrically [13] revealed 
Az60/Az32 and Az60/Azsu ratios of 1.6 and 1.3 respec-
tively with both separation methods. 
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FIG 1. The effect of microwave irradiation time on 
subcutaneous temperature. Mice were irradiated for a 
specified time, removed from the oven, and the ther-
mocouple-hypodermic needle probe immediately in-
serted subcutaneously. Each point is the mean of deter-
minations from 3-4 different mice, and the vertical 
bars represent theSE. 
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FIG 2. Whole skin after (A) a 30 sec immersion in 
55°C water followed by immersion in 0-4°C water, or 
(B) a 10 sec microwave irradiation followed by cooling 
in ice, but prior to scraping with a scalpel ( x 550). 
Since we are particularly interested in studying 
the relationship of the induction of ornithine de-
carboxylase in the epidermis to tumor promotion 
we wished to determine whether or not this solu-
ble enzyme would survive a microwave radiation 
separation. Table 2 shows that after induction by 
TPA the enzyme survived 10 sees of irradiation. 
Although the enzyme activity measured in the 
irradiated epidermis was slightly higher than in 
epidermis harvested by the conventional heat sep-
aration method, there was no statistically signifi-
cant difference between the two methods. 
DISCUSSION 
The epidermis of the mouse is one of the few 
mammalian epithelia which can be easily exposed 
to a variety of chemical agents, separated as a 
homogenous population of cells from its host tis-
sue, and studied biochemically. Recent studies 
with mouse skin tumor prompters have demon-
strated the rapidity with which biochemical 
events can occur in response to these compounds 
[2-4]. Further, it has been shown that the skin is 
subject to rapid and marked metabolic conse-
quences after excision from the host animal [4 ,18] . 
Thus, techniques allowing for rapid separation of 
epidermis from dermis with a minimum of chemi-
cal or thermal exposure have been sought. The 
technique presented in this paper in which intact 
clipped mice were subjected to a 10 sec burst of 
microwave radiation represents the quickest and 
TABLE I. The effect of separation technique on the levels 
of DNA, RNA , and protein from mouse epidermal 
extracts 
Separation DNA, RNA, Protein, 
technique IJ.IJ/cm' IJ.IJ /cm' IJ.IJ/cm2 
Conventional 20.6 ± 2.2 13.0 ± 1.0 390 ± 40.8 
heat 
separation 
Microwave 22.4 ± 3.5 13.1 ± 2.6 422 ± 76.0 
method 
Epidermis was separated from the skin using either 
the conventional heat separation method [7] or 10 sec 
of microwave irradiation. The epidermis from 4 animals 
was pooled, and RNA and DNA were extracted as 
described under Methods. Protein determinations were 
performed on aliquots of whole homogenate, and RNA 
and DNA determinations on the appropriate hydroly-
sates. Each value is the mean ± SE of determinations 
from 4 different pooled groups. Differences between 
methods were not statistically significant (p > 0.05) 
using a 2-sided Student's t-test. 
TABLE II. The effect of separation technique on TPA 
induced epidermal ornithine decarboxylase activity 
Separation technique 
Conventional heat 
separation 
Microwave method 
Ornithine decarboxylase activ-
ity , nmoles CO,!mg protein/30 
min 
3.8 ± 0.4 
6.1 ± 1.3 
Epidermis was separated from the skin using either 
the conventional heat separation method [7] or 10 sec 
of microwave irradiation. The epidermis from 3 animals 
was pooled and, enzyme activity was measured in 
30,000 x g x 10 min supernatants by collecting the 
C'40 2 produced from C'4 ornithine. Each value is the 
mean ± SE of determinations from 4 different pooled 
groups. Differences between methods were not statisti-
cally significant (p > 0.05) using a 2-sided Student's t-
test. 
simplest method yet developed for harvesting rel-
atively homogeneous and quantitative yields of 
epidermis. 
The mechanism by which microwave irradiation 
accomplishes this rapid separation of epidermis is 
probably by the generation of heat through inter-
action with tissue water molecules [19] surround-
ing the heat labile epidermal-dermal bond [20]. 
The separation with microwave irradiation can be 
accomplished in one-third the time needed for 
separation with a conventional thermal source 
(i .e., water at 55°C). The time difference probably 
resides in the fact that microwave radiation in-
stantaneously and uniformly penetrates tissues, 
whereas thermal energy enters more slowly from 
the medium surrounding the tissue. 
The yields of RNA, DNA, and protein were 
identical for both the widely used conventional 
thermal separation and the microwave technique. 
The TPA induced ornithine decarboxylase activity 
measured in epidermis from microwave irradiated 
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skin was slightly, but not significantly, higher 
than in the epidermis harvested with the conven-
tional heat separation method . 
These data suggest that for experiments with 
the molecules monitored in this study the micro-
wave irradiation technique can be used inter-
changeably with the conventional thermal tech-
nique. There are, however, advantages to the 
microwave separation procedure as compared to 
the conventional heat separation procedure. In 
general, biochemical determinations on mouse ep-
idermis require harvesting tissue from a large 
number of animals, and there is thus a correspond-
ing large expenditure of time. The reduced 
amount of manipulation and the very short irra-
diation time required by the microwave separation 
technique can result in a considerable savings in 
time. Further, irradiation and scraping of the 
epidermis can be accomplished with the skin in 
situ. Thus, possible metabolic consequences of 
excising the skin can be avoided by use of the 
microwave separation. Finally, we believe that 
this technique can be applied to harvesting epithe-
lial lining tissue from internal organs. In this 
regard we have observed histologically that after 
microwave irradiation of the whole mouse the 
urinary bladder epithelium has also begun to 
separate from underlying tissue. 
We would like to thank Dr. Berry Pinshow for his 
assistance in obtaining the temperature measure-
ments. 
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